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RESEARCH MEMORANDUM

THE USE OF AREA SUCTION FOR IMPROVING THE LONGITUDINAL
CHARACTERISTICS OF A THIN UNSWEPT WING-FUSELAGE
MODEL: WITH LEADING- AND TRATL.ING-EDGE FLAPS

By Devid G. Koenrig

SUMMARY

An investigation was conducted to determine the effect of porous
area suction applied to the knees of full-span leading-edge and pert-span
trailing-edge flaps installed on an unswept-wing airplane model. The wing
was of aspect ratio 3 and had a modifled double-wedge section with a thick-
ness of 4.2-percent chord. For e brief test, an unswept horizontal tail
was installed on the model 0.62 semlspan gbove the extended wing-chord
plane. Most of the tests were made at a Reynolds number of 9.Ux10® and e
Mach number of 0.11.

At an angle of attack of 0°, application of area suction to the
trailing-edge flap approximately doubled the trallling-edge-flap 1ift incre-
ment. The suction flow regulrements of the trailing-edge flap were close
to predictions based on data ocbtained with = 35 swept-wing model. For
angles of attack above 0°, leading-edge flap deflectlion wag required to
1imit leading-edge flow separstion which appeared on the undeflected
leading edge and which caused loss in trailing-edge-flap 1l1ft increment.
For the model with the tail off, the use of boundary-layer control on the
trailing-edge flap increased destabllizing pitching-moment changes. How-
ever, installstion of a horizontal tail markedly reduced these adverse
pitchling moments.

TINTRODUCTION

Designers of supersonlc flghter-type aircraft considering the use of
thin unswépt wings of low aspect ratio are Ffaced with the problem of
choosing effective high-lift devices for use at landing and take-off.
Wind-tunnel tests made at low speed on small=-scale models equipped with
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thin unswept wings are reported in references 1 and 2. In these investi-
gations, results were obtained using plain, slotted, or split trailing-
edge flaps combined with plain or slotted leading-edge flaps. However,
design studles have shown that it would be desirable to obtaln greater 1ift
coefficients than were obtained with these types of wing flaps.

It has been found that boundsry-layer control by porous area suction
can be an effectlive means of improving 1lift effectiveness of the trailing-
edge flaps as well as improving the effectiveness of s leading-edge flap
in delaying leading~edge separation. Area suction was successfully applled
to the Plap of & 35° swept-wing model in the investigation reported on in
references 3 and k4. :

In corder to study the effectiveness of porous area suction applied to
leading~- and treilling-edge flaps of & thin unswept wing, the lnvestigation
reported herein was undertaken in the 4O- by 80~foot wind tunnel. The wing
of the model was gimilar to that of the small-scale models of references 1
and 2, having an aspect ratio of 3 with the three-quarter chord line
unswept. The wing bhad sharp leading edges and was equipped with full-span
leadlng-edge flaps and part=-span trallling-edge flaps. The objective of
the 1nvestlgation was the evaluatlion of the use of area suction on both
the leading- and traillng-edge flaps; on the tralling-edge flaps to
increase 1lift coefficient at low wing angles of attack, and on the leading-
edge flaps to allow greater leading-edge-flsp deflection without flow
separation at the knee of the flap, thus maintaining trailing-edge flap
effectiveness at higher angles of attack.

NOTATION
a turning angle around knee of flap, deg (see fig. 3)
b wing span, ft
c wing chord, ft

cyg borizontal=tall chord

ot

o b/2
mean aerodynamic chord, gk/n c2dy, ft
o

. dr
Cp drag coefficient, ——%§
. . 1ift
Cr, 1lift coefficient, ~s

ACT, 1ift increment due to trailing-edge flap

it

k]
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Cm

Cq
it

Poo

-

pltching-moment coefficient, computed about the quarter-chord point

the mean aerodynamic chord, pltchzzgsmﬁment

flow coefficlent

Q_
’Vodg

to hinge line of horizontal tell, ft

IS

distance from

free~stream static pressure, 1b/sq £t
wing surface static pressure, 1b/sq £t
plenum-~chember static pressure, lb/sq £t

pressure differential across porous mgterial, Ib/sq £t
P = Py

wing-surface pressure coefficient, a
{o0}

P, - D
plenum-chamber pressure coefficient, -E—a;—f

free-stream dynamlc pressure, 1b/sq £t

quantity of air removed through porous surface based on standard
density, cu £t/sec

Reynolds number, Efé

distance aslong airfoill surface from reference line to aft edge of
porous opening (see fig. 3), in.

wing area, sq Tt

flap area, sq £t

wing area spanned by flap, sq f¢

free-stream velocity, £t/sec
suction inflow velocity, f£t/sec

distance along airfoil chord, £t

spanwise distance from piane of symmetry, ft

vertical distance of horizontal tail above the extended wing chord
plane, £t

L ULl
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a angle of attack of wing-chord plane, deg .
el flap deflection in plane normal to hinge line, deg
Be deflectlon of split elevator flap, deg
1 spanwise coordinate, %F
v kinematic viscosity, f£t2/sec
A sweep angle of flap hinge line, deg
Subscripts
c critical
n leading=~-edge flap
i if traliling~-edge flap
I inboard
0 ocutboard .
T tunnel-wall correction . - . -

MODEL AND APPARATUS

A photograph of the model as mounted in the 40- by 80-foot wind tunnel
is shown in figure 1 and the geometric characteristics of the model are
presented In flgure 2. The wing was of aspect ratio 3.0 and taper ratilo
0.4 with the three-quarter chord line unswept. The wing sectlon was a
symmetrical double-wedge section modified by rounding the ridge line. The
wing was cowmbined with a long slender fuselage which was somewhat under-
slung with respect to the wing. For limited tests, an unswept horizontal
tall of aspect ratio 4 was mounted at a position 62-percent wing semlspan
above the extended wing-chord plane and at an incidence of -2°. The size
and locatlon of the horizontal tall with respect to the wing was as fol-
lows: 14/8 = 1.79, z/(b/2) = 0.62, S¢/S = 0.20. To trim the model a
spllt elevator flap was Installed on the upper surface of the tail. The
flep chord was 25~-percent that of the tail chord and extended over the - .
complete tail span.

a

Both leadlng~- and trailing-edge flaps were hinged near the lower
surface with the hinge lines located on the 15~ and Tl-percent chord lines,

CoNMESERNRLL,,



NACA RM A56D23 s i 5

respectively. The trailing-edge flap extended from the fuselage to the
TS5-percent semispan station; the leading-edge flap extended over the full
exposed wing span; and the flap-fuselage gaps for both flaps were sealed
for all flap deflections. Porous area suction was applied over the knees
of the deflected flaps.

For a brief test, short turning vanes were installed on the fuselage
near the knee of the trailing-edge flaps. Details of these vanes are shown
in figure 2(c).

A drawling of the flap cross section 1n the vicinity of the hinge line
of the flap is presented in figures 3(a) and 3(b). The porous surface was
a perforated metal sheet backed by wool felt and a coarse wire mesh. The
metal sheet was 0.008 inch thick, had 4225 holes per gquare inch, and was
ll-percent porous. Two felt porositles were used in the investigation,
hereinafter to be referred to as grades 1 and 2 for the more porous and
less porous felts, respectively. For the leading-edge flap, grade 2 felt
was used with the chordwise thickness variation shown in figure 3(c). For
the trailing-edge flaps, both grades 1 and 2 felt were used with chordwise
thickness variations shown in figure 3(d). The porosities of the two
grades of felt used are indicated in Pigure 3(e). The extent of porous
surface could be varied by sealing part of the porous surface with
pressure-sensitive tape 0.003 inch thick.

Pumping and Duct System

A drawing of the pumping and duct system is shown in Pigure 4. The
suction alr was drawn through the porous surface into the flaps which
served as ducts carrying the air into the plenum chamber. After going
through the pump, it was expelled through exhsust ducts located under the
fuselage. The pumps were modified aircraft engine superchargers and were
driven by variable-speed electric motors. The suctlion alr-flow gquantities
were measured by finding the difference in pressure between the air in the
plenum chambers and in the pump inlets. The system was calibrated with a
standard A.S.M.E. intake orifice.

TESTING AND PROCEDURE
Tests at Varying Angle of Attack
Tests were made for an angle-of-attack range of -2° to 24°. For the
model with horizontal tail off, tests were made with leading-edge-flap

deflections of 0°, 31°, 4i°, and 51°, combined with trailing-edge-flap
deflections of 0°, 50°. and 60°.
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Most of the tests were made either with area suction on both the
leading~- and tralling-edge-flap knees or without area suction on either of
the flaps. For a few flap-deflection combinatlons, suction was appllied to
the trailing-edge £lap but not to the leading-edge flap. For both the
leading- and tralling-edge fleps with area suction, testing at variable
angle of attack was done with a constant pump speed. The pump speeds uged
were those required to produce suction flow quantitles approxlimately 100
percent and 30 percent greater than the eritical flow quantity for the
leading~ and trailing-edge flsps, respectively. (For definition of ch’

see subsequent discussion.) Porous area configurations for which data are
presented herein are listed 1ln table I. To expedite testing, nc attempt
was made to maintain the same porous aresa confilguration for all variasble-
angle-of~attack tests. This procedure is believed justified since 1t was
found that 1ift was falrly independent of small changes in porous openling
and porosity for the large porous opening and excess flow quantlities used.
A1l suction-off dats were obtalned wlith the porous surfaces sealed.

A limited test was made on the model for &p = 41° and 8p = 60° with
the unswept horizontal tall installed at -2° incidence.

Force and moment data, as well as duct and plenum-chamber pressures,
were obtained for all suction~on configurations investligated. For some of
the conflgurations, external wing chordwise pressure distributions were
obtained. :

Tests at Constant Angle of Attack

Force and moment data were obtained for the model with varylng flow
quantities at given angles of attack in order to determline Cq, for
various porous area configurations. The datas were usually determined by
decreasing the flow quantity from a high value to a low value. To check
hysteresis effects on the 1ift characteristics, data were taken with
ilncreasing values of Cq 1n several cases and no significant differences
were observed from data obtalned with decreasing values of Cg.

In attempts to reduce the suction air flow required, the extent of
porous area was varied for the trailing-edge flaps. For the leading-edge
flap, only grade 2 felt was used. For the 50° deflected trailing-edge
flap, only grade 1 felt was used. For the 60° trailing-edge flap, in
additlon to grade 1 felit, grade 2 felt and combinations of the two itypes
of felt over the span of the flap were investigated as a means of reducing
flow requlrements.

Additional tests to determine the effect of airspeed on the suctlon
Tlow requirements of the traillng-edge flap were made for ©Op = #Oo and
8f = 50° and one porous area configuratlon. These varlable Cq tests were
made at about O° angle of attack and free-stream velocities of 130, 159,

and 183 feet per second.
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Test Conditions

The Reynolds number of the tests, aside from the tests wlth the higher
free-stream velocities mentioned above, was 9.1x10® which corresponded to
a dynamlc pressure of 20 pounds per square foot and a Mach nuwiber of 0.11.

CORRECTIONS TO DATA

A1l data were corrected for alr-stream inclinastion and for wind-tunnel
wall effects, the latter correction being that for a wilng of the same span
having elliptic loading and with an unswept plan form. The corrections
added were ag follows:

0.696 Cy,
0.0122 C12

oy
Coyp
For the data with the horizontal tail Installed, a correction for

additional downwash st the hinge line of the tail (at the model plane of
symmetry) was made as follows:

Cug = 0-0139 CL

Tares due to support strut interference were not applied.

A1l flow coefficients were corrected to standard sea-level alr condi-
tions. The effect of the thrust of the exhsust Jets on the aerodynamic
data was found to be negligible.

RESULTS AKD DISCUSSION

The Effect of Leading=- and Tralling-Edge Flap Deflectlon

The force and moment cheracteristics of the model (tail off) for
several combinations of leading- end tralling~edge-flap deflections are
presented in figures 5 and 6 for the model without and with area suction
applied to both leading- and trailing-edge flaps. Chordwise pressure
distributions for three spanwise statlons are presented in figures T and
8 for the model with and without the leading-edge f£lap deflected. For
By = 41° and &8¢ = 60°, chordwise pressure distributions for several span-
wise stations are presented in figure 9 for four angles of attack. (ALl
pressure dsta for the leading-edge flap, wing, and trailing-edge flap
were blotted in directions normal to the respective chord lines.) The
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approximate values of Cg and Pp corresponding to the constant pump
speeds held throughout the angle-of-attack range for the varicus model
configurations are listed in table IT.

FPlap 11ft increments.- For the model with the leading-edge flaps
undeflected, the variation of tralling-edge-flap 1lift lncrement with angle
of attack is shown in figure 10. The pressure data of figure T7(a) and
tuft observations (not presented herein) show that at o = 0° 1leading-
edge flow separation has occurred. With increasing angle of attack above
O°, the chordwise extent of the leading-edge flow separation increased and
resulted in a rapid decrease in traillng-edge-flap 1lift increment. As is
shown in figure 10, for angles of attack up to that of Cjp , these

decreases in AC;, were caused essentially by loss in boundary-layer con-
trol. Therefore, leading-edge flow separation must be controlled before
any substantial boundary=-layer control effectiveness is to be realilzed on
the trailing-edge flap for thls type of wing irn the medium to high angle~
of-attack range.

To study the effect of controlling leading-edge flow separeatlion, the
leading=edge flaps were deflected with and wilithout ares suction. For the
model with the leading-edge flap deflected, the variation of trailing-edge-
flap 1lift increment with angle of atteck 1s shown in figure 11. Substan-
tial flap 1lift increments wilith suction off and on were malntained up to
angles of attack of 16° or more. The pressure data of filgures 7 and 8
demonstrate the effectliveness of the leading-edge flap with area suctlion
in delaying the chordwlse progression of flow separation from the leading
edge. Even though the flow separation does appear on the leading edge,
attached flow is maintalned over the knee of the leading-edge flap up to
high angles of attack. As shown by the pressure data of figure 8, the
tralling-edge-flap 1ift irncrement does not drop radically until an angle
of attack is reached (close to that of CLy, ) where flow separation
spreads over the leading-edge-flap knee. ax

High-11ft characteristics.- For the model with area suctlon appllied
to the trailing-edge flaps, it was found that the leading-edge flaps were
needed to obtaln a value of Cg substantially greater than the value

of Cp found for « = 0°. Values of Cg for the model with the tail

off obtained with several flap-deflectlon comblnations are listed in the
followlng table:
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Trailing-edge flap | Leading=-edge flap

Sz, Suction | 0oB7 Suction Clmax

deg deg
0 off o) off 0.78
50 off 0 of'f 1.2k
50 on o] off 1.30
60 off o] off 1.2k
60 on 0 off 1.30
o} off k3 off 1.21
o] off 41 on 1.29
50 off k1 off 1.5
50 on k1 on 1.76
60 off L3 off 1.43
60 on L1 off 1.60
60 on i on 1.78

A comparison of the values shown in the table Indicates that J1ittle or no
increase in CLmax was obtalned by increasing the trailing-edge -flap

deflection from 50° to 60° Ffor any of the leading-edge-flap conditions
considered. However, a 35-percent increase in Cj was obtained by

deflectling the lesding-~edge flap wilth area suction for the model with area
suction applied to the deflected trailing-edge flaps.

The variation of Cjp wlth On 1s shown in figure 12 for the two

trailing~edge-flap deflections. The Tilgure demonstrates the decreasing
advantage of higher leading-edge-flap deflections as ©&p approached 50°.

Figure 13 shows the effect of applying area suctlion to the leading-~
edge flap on the 1ift characteristics of the model. TFor angles of attack
up to 80, 1ittle, if any, added 1lift due to suction was obtained for either
the 31° or 43° leading-edge~flap deflection. For angles of attack above
80, the advantage of area suctlon was apparent only for the 41° leading-
edge-flap deflection.

Comparison with theory.- The trelling-edge-flap effectiveness is
summerized in figure 1 for the model st o = 0°. The experimental data
from which the values presented in figure 14 were taken were obtained with
approximately 50-percent excess suction air flow. Also presented in the
Pigure is the varliation of flap effectiveness with flap deflection as
predicted by the theory of reference 5. The value of ay wused for the
calculations was the theoretical value of 0.65 taken from figure 3 of that
reference. Wlth the nose flap deflected hlo, applying ares suction to the
tralling~edge flap increased the flap 11ift increment from 48 to 91 percent
of theory for &f = 50° and from Lk to 81 percent of theory for &p = 60°.

Sources of loss in Plap lift.~ Two regions on the tralling-edge flap
existed at vwhlch the flow could not be attached using area suctlon and

- =
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which evidently contributed to the discrepancy between the suction=-on
experimental data and the corresponding theoretical values. Early in the
investigation, it was found from tuft observations and pressure measure-
ments that for spanwise stations between 1 = 0.45 and 0.60, a considerable
smount of separated flow occurred on the flap even at high suctlion flow
guantities. Boundary-layer measurements showed that just forward of the
porous area, large values of the boundary-layer shape parameter (ratio of
displacement thickness to momentum thickness of the boundary layer) existed
et these wing statlions compared to the vaelues found at other spanwise
locations. Insufficlient suction inflow veloclty over the porous area in
this region was the probable cause for the flow separation on the Fflap.

The other region of separated flow existed adjacent to the fuselage and,

as explained in reference 6, was evidently caused by the low-energy alr in
the fuselage boundary layer not belng able to negotlate the hlgh adverse
pressure gradient lnduced by the presence of the knee of the flap.

Use of turning vanes.- To improve flow over reglons on the flap near
the fuselage, turning vanes were ilnstalled for & brief part of the test at
the knee of the flap as suggested by the information in reference 6. The
span of the vanes (approximately 5 inches) was slightly larger than the
thickness of the fuselage boundary layer at that polnt. The effect of
vanes on the 1lift characteristics of the model for 8p = 41° and &p = 60°
1s shown in figure 15. The triple vanes increassed the flap 1ift increment
from 81 percent to 92 percent of the theory of reference 5 (see fig. 14).

Suction Requirements

Trailing-edge flaps.- Typical variations of AC], versus Cq are shown
in figure 16 for. &p of 50° and 60°; the curves represent porous area
configurations for which the flow regquirements were found to be close to
the minimum obtained for the corresponding flap deflection. TFor both flap
deflections, data are shown which were obtained with the more porous felt
(grade 1). Also shown in figure 16 are data representing the best porous
area configuration used durlng an attempt to reduce the flow requirements
by changing the spanwlse porosity distribution. It mey be seen from the
figure that there 1s & critical value of flow coefficient above which
significant lncreases in 11ft cannot be obtalned by any reasonable increase
of suction flow quantity. The coefflcilients corresponding to this value are
designated herein as the critical flow coefficlents, ch’ and, as in
reference 3, are determined as the value at which the nedrly linear part
of the curve begins. Values of CQc were estimated by use of the method

described in reference 31 snd are indicated on the curves of figure 16.
1The method outlined in reference 3 may be stated mathematically es
(SR/S)cos Ar
Cq = (C
Q= Q)l (SR/S)lcos (Af)l

where reference values are indicated by the subscript 1.
L ST g
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These estimated walues are also compared in the following table with the
approximate experimental values of the present investigation lndicated by
the data of figure 16.

S+, | Experlmental
deg dp = 41° Estimated

50 0.0008 0.00068
60 .0013 .00110

The experimental velues sre those obtained with the grade 1 felt which was
of spproximately the same poroslty as that with which the reference data
used in the method were obtalned.

The small effects of free-stream veloclty on the wvariation of ACy
with Cq and Pp are shown in figure 17.

Leading-edge flaps.- As has been mentioned previously, suction on the
leading-edge flaps became necessary for the 11° deflection at angles of
attack above 9° (see fig. 13).

The felt design for the three leading-edge flap deflections investi-
gated was of variable porosity chordwise and proved to yleld adequate
boundary=-layer control for velues of CQc as small as 0.0003. Suction

flow data for the leading-edge flap are not presented herein but it should
be mentioned that values of Cgq, for both Bp = 41° and 51° at higher

angles of attack varled from 0.0002 to 0.0003.
Stability Characteristics of the Model

Comparison of the suctlion=-on and suction-off plitching-moment data of
figures 5 and 6 for the tall-off model indicates that the use of boundary-
layer control by porous area suction causes extreme destablilizing pitching-
moment variations, as well as large negative pitching moments.

Results obtained from brief tests with a thin unswept horizontal tail
are presented in figure 18. To asugment trailling-edge-flap effectiveness,
the triple-vane configuration mentioned above was instelled at the flap.

In order to trim the model, a split flap was installed on the upper surface
of the tall. It is ev1dent that the horizontal tail contributes favorably
to the pitching-moment variation of the model.
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CONCLUDING REMARKS

The results obtalned from tests of an alrplane model wlth an aspect-~
ratio~3 unswept wing of thin wing section indicated the following:

Application of porous area suction to the trailing-edge flap approxl-
mately doubled the Plap 1lift increment obtained at O° angle of attack.
With ares suction on the trailing-edge flap, and with the leading-edge
flap deflected hlo, trailling-edge-flap lift increments were obtalned which
were 91 and 81 percent of theoretical values (NACA Rep. 1071l) for flap
deflections of 50° and 600, respectively. The flow requirements of the
trailing-edge flap were close to predictions based on data obtained from
tests on a 35° swept-wlng model reported in NACA RM AS53EOC6.

For angles of attack above OO, leading=-edge-flap deflection was
required to limit wldespread leading=-edge flow separation. The leading-
edge flow separstion which appeared on the undeflected leadlng edge caused
large reductions in trailing-edge-flap lift increment. With the traillng-
edge flap deflected 60° (suction on), ares suction on the leading-edge
flap was not required for a deflection of 31° but was required for the 41°
flap deflection at angles of attack above 8°. For the model with the tail
off, the use of boundary-layer control on the tralling-edge f£flap increased
destabilizing pitching-moment changes. However, installation of a hori-
zontal tail markedly reduced these adverse pltching moments.

Ames Aeronautilcal Leboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Apr. 23, 1956
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(2) Leading-edge flap; np = 0.15 to ng = 1.0; & = o°

SO —

TABLE T.=- PORCUS AREA CONFIGURATIONS
[See figure 3 for notation description]

NACA RM A56D23

ggé Porous area extent
31} Total opening, 0.88 inch, constant along span
1] s = 0.5 inch _ :
51 | Total opening, 1.06 inch, constant along span
(p) Trailing-edge flap
Porous area 5. de Porous area extent 5 nwizitéxtent Felt
configurstion ’ g pa grade
a, deg 8 nr Mo
1 50 0 2.5 in. 0.15 0.75 1
2 50 15 1.0 in. 15 . T5 1
3 60 12 .5 in. .15 .75 1
L 60 12 1.5 in. .15 75 1
5 60 12 3.0 in. 15 .32 2
18 1.5 in. .32 .60 1
12 3.0 in. .60 .5 2
6 60 12 5 _percent .15 <75 2

TABLE IT.- AVERAGE VALUES OF PLENUM CHAMBER PRESSURE AND FLOW

COEFFICIENTS EELD THRCUGH TBE ANGLE-OF-ATTACK RANGE

Trailing-edge | Leading=-edge flap | Tralling-edge fla
Figure| dn, {&f, porous-area
jnumber| deg |deg |configuration CQ Pp Cq Pp
6(a) | 31 ot sealed 0.0008 -11.5 - - - - - -
Y ot sesled .0008 -11.5 - - - - - -
6(b) ot |50 2 - - - - - - 0.0015 -10.6
31 |50 2 .0008 -11.5 .001k% -10.5
k1 |s0 2 .0010 -14.5 .0015 -10.6
51 |50 2 .0006 -12.7 .0015 -10.5
6(c) ol |60 6 - - - - - - 0017 -13.5
31 |60 4 .0008 -11.5 .0018 -1h
b1 |60 4 .0011 -14.5 .0016 -13.2
T ol |60 6 - - - - - - L0017 -13.6
8 31 |50 2 .0008 -11.5 .001h -10.5
i |50 2 .0010 -15.0 .0015 ~10.6
51 {50 2 .0006 -12.7 L0015 -10.5
9 41 |60 5 0006 -11.5 .0016 -13.6
13 ol |60 6 - - - - - - .0017 -13.5
31t {60 3 -~ - - - .00L7 -13.6
31 |60 3 .0008 -11.5 L0017 -13.6
it |éo L - - - - - - .0016 -13.2
b1 Jeo L .0011 -1k.5 .0016 -13.2
15 b1 (60 5 .0006 -12.0 .0016 -13.5
18 41 |60 5 .0005 -11.5 L0017 ~13.7

lPorous area on flap sealed.

|
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A-19567
Figure 1l.- View of the model in the Ames hO~ by 80-foot wind tunnel.
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Hinge lines

swept 18.92°
and 1.31°
23.20™

Hinge line
of split
elevator
- 27.30———+ 5. flap on
19.37 75 ¢, line

Tail hinge line

-14|21~—

All dimensions in feet T

unless otherwise noted 45°
IIO.B‘.’:
75— - [

- — - e — Vi J_m
l l‘ Io-t—_’,_l/ |
!f 62.50 _ i
i

Wing Geometiry

Aspect ratio 3.0
Taper ratio o4
Sweep of quarter-chord line 159°
Dihedral Q°
Twist o°
Area, square feet 312.5
Wing section 42% thick modified

double wedge
(a) The complete model.

Figure 2.- Geometric characterlstics of the model.
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¥ 423
I68%7 R 450

Typical wing section
Dimensions In percent wing chord

I5
x in.

BT

— L n 2o
.06 in.

’l 8le°

R

Typical of leading
and traifing edge

(b} The wing section.

hinge line Fuselage

Double vane

l All dimensions shown In feet

All vanes .06 Inch thick
Left side shown, right side opposite

Triple vane

(c) Turning vanes.

Figure 2.~ Continued.
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o i.20 27.66 75
= Consiant ssction ale Rear fairing
-
|
. I | —\,
]
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L™ t f R 670[0.23] 0 [0.23 ¢ —LT—(“ -
m EE 0| -39 Ll DA
. ¥ 421 e8] 0| 86 @
842/ 1,35 O 11.35
14.041.81 | 0,23/ 18I |
j9.66[2.09] .e9l2.09
Typical section Typical section [97.66{225]1.33| 2.28 Igflf:‘:rsf“:#f:
Sta. O - Sta. 1.20 sta u.zo-sm.45.75%7_u 218[1.20]7 22 9
¥ AT 2 .
5”: 2{2: - I:.OO All dimensions in feet
53.76] | 87 .sa i.85
£a75] 1.30] .76] 1.88
57.75] 1.00[ .64 1.40
50.75| 67| .48 109
6.75| 25| .20/ .60

(d) The fuselage.

Figure 2.- Concluded.
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NACA RM A56D23 e aceas AT

Possible extent of

porous area
/ Measured parallel

to mode!l center line

003 inch thick
Tape Seal

Duct

Tape
Pressure Tap

Hinge line Linch above

lower surface at 15-
percent chord

Reference line normal to
upper surface

(2} Leading-edge flap.

rReference line normal to upper
surface

Possible extent of
porous area

Measured parailel
to model center line

Duct
Pressure Tap

Tape seal

typical Hinge line - inch

8
above lower surface

at 7l-percent chord /
Felt

(b) Trailing-edge flap.

Figure 3.~ Detaills of the porous surface of the model.
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Felt thickness, inches

(c) Felt thickness distribution for leading-edge flap.

NACA RM AS6D23
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-
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N~ 7, 327 t0.564
/—_’—-
/1 — e ——— —

i

7, 564 to .802

/T_

. —
—— i

—

7,.802 to 1.0O

2

3 4
Distance from reference line,inches

Flgure 3.~ Continued.
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4
— 3 50° and 60° grade | felt J IS SN
-— Sf 60° grade 2 felt | — /
.3 T -~
// m,.147
s to .316
.2 s c li . /
e onstan
v | thickness beyond
| L~ — 6-inch distance
’ — \
° \\L
2 T |
-5 3 //
£ A n,.316
- 7 to .532
w /s
g -2 4
S /
7
E l -~ //
L d - ,// a
)
w
o
//d—" ol
3 ——
y
//
532
2 / 7170 750
v
. — =
-4 -3 -2 -1 0 I 2 3 4 5 6

Distance from reference line,inches

(&) Felt thickness distribution for trailing-edge flap.

Figure 3.- Continued.
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240 }j//y
200 / A
- 160 /A
o
n
a 120 '
o // Q Grade 2 felt + perforated sheal
. J Grade | feli + perforated sheet
% f A Perforated shaet
80 / /”
/
40 ’////, L"dg
_—___A—-—'—'L-/
A —
0
0 2 q 6 8 10 12 14

Wy, fps

(e) Varlations of suction inflow velocity with pressure differential across felt, one-guarter-inch
thick.

Figure 3.- Concluded.
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Ducts

Reference Line Reference Lline

rsaeasse e e add

Porous

Porous Section |
Porous} c_“@
Area
G
= Plenum Chambars Electric Motors
\wpressors /—Fusaluge
Duct Wing
AN - chord piane
i )
I\ :"'I_'_'l-_:- i o
N t bed Tk

Figure 4.- Detalls of the model duct and pumping system,
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(a) 8¢ = 0°

Flgure 5.~ The effect of leading-edge-flap deflection on the longitudinal characteristlics of the
model without suction on either the lsading- or trailling-edge flap.
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Flgure 5.~ Continued.
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Flgure 5.- Concluded.
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(c) Bp = 60°
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(a) B = 0°

Figure 6.~ The effect of leading-edge~flap deflection on the longitudinal characteristics of the
model with suction on both the leading- and trailing-edge flape. For porous area and suction o
alr-flow conditions, see tsble II. ~
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Plgure 6.- Continued.
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Plgure 6,~ Concluded,
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n
| 50 70 92 O »deg  Suction
_ o ¢ o 0 off
= A D 9 60 of f
B o &k © 60 on

-~

pk T~
‘ Biyd———-Or 0=

'fﬁ'.’ \'H\D\'~

B — — R

(2) o = 0.9°

Figure 7.~ Chordwlse pressure distributions at three spanwlse stations
with the leading-edge flap undeflected., TFor porous area and suctlon
alr-flow conditions, see teble II. The x/c axis is broken at the
value of x/c correspondlng to the flap hinge.
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7
50 70 92 Op.deg
o ¢ o o
A D ¢ 60
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off
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Figure T.- Continued.
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Ui
50 70 92 On.deg Suction
o ¢ o 0 off
A D ¢ 60 of f
0O N © 60 on

(¢) « = 9.0°

Figure T.~- Concluded.
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I yi
i i 50 70 s2 Opdeg
i o & o 31
i % a b ¢ a1
-3 r T ? % s s o “
‘|2" — |t l;|
b [l :
-lo- g—:t i
L ”l i
-9 F _l e |
o 5 i
-8 _ih.— ; 3y
e e
I { .\‘ ... ._
' o [ VS Qs
? M?O 77

broken at values of x/c

(a) a« = 9.0°

Figure 8.- The effect of leading-edge flap deflectlon on the chordwise
pressure distribution at high angles of attack; &p = 50°.
area and suction air-flow conditions, see table II.

For porous
The x/c axis is
corresponding to the f£lsp hinge locations.

ouerrrend .
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3k

(b) a = 15.1°

Figure 8.- Continued.
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50 70 s2 Opdeg

(¢) « = 17.2°

Figure 8.- Concluded.
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L.E.and T.E. flaps

Sucfion on
————Suction off

(a) @ =0.99°; ¢ = 0.20 to 0.62

Figure 9.~ The effect of porous area suctlon on the chordwise pressure
distribution of the model with &, = 41°, 8, = 60°. For porous area
and suction alr-flow conditlons, see teble II. The ~x/c axis 1a
broken at velues of x/c corresponding to the flap hinge locations.
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L.E and T.E. flaps

Suction on
————Suction off

(b)

a=0.92 n =0.70 to 0.92

Figure 9.- Continued.
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38

L.E.and T.E. flaps

Suction on
———=Suction off

(c) @ =9.0% 1 =0.20 to 0.62

Figure 9.- Continued.
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— oY L.E.and T.E. flaps
Suction on
B @ ~———Suction off

() « = 9.0°% 1 = 0.70 to 0.92

Figure 9.~ Contilnued.
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B L_E.and T.E. fiaps

Suction on
— ———Suction off

[~ >

e = =

-

NACA

(e} a = 13.2°; 1 = 0.20 to 0.62

Figure 9.- Continued.
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-10
-9
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-7
-6

P -5

— L.E. and T.E. flaps
Suction on

— ———Suction off

(£) @ =13.2°; n = 0.70 to 0.92

Figure 9.~ Continued.
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Lo

LE.and T.E. flaps

Suction on
— —— Suction off

=

0

(g) @ =17.2°% 1 = 0.20 to 0.62

Figure 9.- Continued.
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~ L.E.and T.E. flaps
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————Syction off
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(h) @ =17.2°%; 4 = 0.70 to 0.92

Figure 9.- Concluded.
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.2
Theory of reference 5
1.0 b—— for 8;,50°
with
suction
.8
ACL -7
Without
6 | suction
4
CL
2|l——— o
o | |
O 4 8 12 16 20

a, deg

*

Figure 10.~ The varlation of the. trailing-edge-flap 1li1ft increment with
angle of attack of the model with the leading-edge flap undeflected.
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NACA RM A56D23 P
1.4
\\
1.2 — _\ With suction
\\.. \\\
I-O S \
N
\ .
8
ACL e L\WEthout suction
6 e — T T -~
4
N
CLmax 8f’ deg 8nldeg \\
O 50 3 \
2f———- O 50 41 \
—-— =z 60 3
-, 60 41
o) l l |
O 4 8 I2 16 20
a, deg

Figure 1l.- The variation of trailing=-edge=-flap 1ift increment with
angle of attack of the model wlth the leading-edge flaps deflected,
elther with or wlthout suction on both leading and tralling-edge

flaps.
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2.0

o)

1.8

14
/ Sf, deg
¢ 50

12 0o 60
1.0
0
0O 20 40 60 80
8n , deg

Flgure 12.- The variation of the Cp with nose flap deflection,
&p; with suction on both leading- and trailing-edge flaps.
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.6 Sn,deg  Suction
C o with
4 D 31 without
. A 3 with
‘J 2 < 4l without
b 4] with
0 | | | |
0 A 2 .3 4 b 6 0 -08 -16 24 32 -40
% -4 0 4 8 12 |16 20 24 Cm

a, deg

Figure 13.~- The effect of applying area suction to the leading-edge flap on the force and moment
characteristics of the model; Bp = 60°, suction omn. For porous area and suction air-flow
conditions, see tgble II.
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1.6 —
L.E. and T.E. /
1.4 }-flap suction [/
On» deg / é%\
off on /
12 O O 0 7 -
N O 3! / Q 63
ok D A 4 4
AC, ~ 4l (w”\t‘a:;lspl?/
.8 // é
/ @ L

2 T
‘ Theory of reference 5

/
a4
/
l/
o Z
/
o /
(0] 10 20 30 40 50 60 70

S, , deg

Figure 1l4.- The varistions of trailing-edge-flsp 1lift increment with
flap deflection; a = 0O.



2.2 22
QO  Vane off
A Triple vane
20 20
O Vape off
1.8 .8 O Double vane
/D/&" \ A Triple vape
1.6 /o/f‘f” O L6
G ////
1.4 // b 14
A
/ B
1.2 G/ 12 paym— L= LT
1.0 L0 : £
-:7 B
0 0
0 9 8 12 16 20 24 0 Y0006 0008 0010 0012 0014 0018
a, deg CQ
(a) ¢, ve. @ Cg = 0,0016 (b) Cp, ve. Cq; o = 0,8 deg

Flgure 15,~ The effect of turning vanes on the 1ift characterlstlca of the model with suction on
the leading- and trailing-edge flaps for 8y = 41° and 5 = 60°, For porous area and suction
alr-flow conditions, see table IT,
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Figure 16,- The variation of flap lift inerement with flow coefficient for two trailing-edge-flsp
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Figure 17.- The effect of stream velocity on the suction flow require=~
ments of the trailing-edge flap for By = 41° and &p = 50°; porous
area configuration 1; a = 0.8°; suction on leading-edge-flap.
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e deg
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0
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Figure 18,- Longitudinal characteristice of the model with an unswept horizontal tall; &y = k1°
and 8¢ = 60° with suction on both lesding- and trailing-edge flaps; triple vanes installed.
For porous erea snd suction air-flow conditions, see teble IT,
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